This paper presents an approach of collecting contextualized attention metadata combined from inside as well as outside a LMS and analyzing them to create feedback about the student activities for the teaching staff. Two types of analyses were run on the collected data: first, key actions were extracted to identify usage patterns and tendencies throughout the whole course and then usage statistics and patterns were identified for some key actions in more detail. Results of both analyses were visualized and presented to the teaching staff for evaluation.
Introduction
Collecting data about how students interact with each other, the teaching staff and learning objects is becoming increasingly complex. Traditional approaches place a Learning Management System (LMS) at the center of these interactions [1] . Such systems are typically used as a container to store learning resources supplied by the teaching staff and offer a variety of services to capture the interaction between the users and other elements, e.g. discussion forums, quizzes, wikis, blogs, etc. This approach can be called a "LMS-centric" one. With the arrival of the Web 2.0, however, this approach is no longer functional [2]. Learning activities, sometimes even without the consent of the instructors, often take place within numerous applications that are hosted outside the LMS. Some of these activities may explicitly require the use of certain tools that must be installed outside the LMS, e.g. an editor, and others require students to search for auxiliary material that is not stored in the LMS.
The use of tools not hosted in the LMS is specially common in experimental sciences [3] where students are usually required to learn procedures with specific tools either installed on their personal computers or on equipment made available by the educational institutions. This fact and the tendency of students to access an increasing number of resources outside an institution's LMS [4] gives rise to the need for more sophisticated data collection mechanisms.
This paper presents an approach of collecting usage data from inside a LMS (i.e. forum interactions) and outside a LMS (i.e. use of a virtual machine as a selfcontained course environment) and analyzing them to create teacher feedback about the course they were taken from. In section 2 we motivate our approach and present previous works connected to this topic while section 3 describes what kind of usage data we collect, how we collect it and how we store it. After explaining the analysis methodologies we employed in section 4, analysis results are presented in section 5. Finally, section 6 concludes our paper and discusses further work.
Related Work
Modifying a learning scenario based on user observations is a research topic that has been attracting significant attention. Areas such as intelligent tutoring systems [5] propose the design of applications that observe and react to the user actions. But these applications have the same drawbacks as LMSs: If a learning experience occurs in a context not only involving the tutoring system, the truly valuable observations would most likely be those of the student interacting with the whole environment, and not only the ones with the tutor.
Zinn and Scheuer [6] conducted a survey among teachers trying to identify requirements for student tracking tools. Among the information deemed mostly important were the students' overall success rate, the mastery level of concepts, skills, methods and competencies as well as the most frequently diagnosed mistakes. As for the reasons why they would employ student tracking at all, most teachers said that they would like to be able to respond to individual students, adapt their teaching and identify problems of understanding the material. One such approach to provide teachers with feedback about their courses is described by Jovanovic et al [7] . They present a tool called LOCO-Analyst that analyses user tracking data based on an ontological framework. It was developed specifically for online learning courses and thus only collects data from within the LMS. Kosba et al [8] also present a framework that generates feedback for teachers from tracking data collected within a course management system. Here, however, the generated advice bases on student, group and class models which are computed with the help of certainty factors and fuzzy set theories. Again, the system was applied to an online (distance) learning course. TADA-Ed (Tool for Advanced Data Analysis in Education) is a data mining tool by Merceron and Yacef [9] with the aim to support teachers in discovering pedagogically relevant patterns in user activity data collected in online exercises using a web-based tutoring system. Therefore, it offers visualizations of simple statistics (e.g. mistake frequency) and results of data mining algorithms (e.g. clustering students based on the concepts of their mistakes). However, TADA-Ed presupposes that the users (i.e. teachers) are familiar with data mining techniques and competent enough to choose and apply them as well as to analyze their results which can be quite complex.
